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A best evidence topic was written according to a structured protocol. The question addressed was
whether there is a role for intraoperative recurrent laryngeal nerve monitoring during high mediastinal
lymph node dissection in three-stage oesophagectomy for oesophageal cancer. A total of 125 papers were
identiﬁed using the reported searches of which 2 represented the best evidence to answer the clinical
question. The authors, journal, date, country of publication, study type, patient group, relevant outcomes
and results are tabulated. Oesophageal surgery, similar to thyroid, parathyroid and cardiothoracic surgery
poses a risk to the recurrent laryngeal nerves (RLN). Intraoperative RLN monitoring (IONM) is commonly
being used in thyroid and parathyroid surgery in many centres. The same does not hold true for three-
stage oesophagectomy with high mediastinal lymph node dissection despite the inherent risks to the
RLN being much higher with this type of surgery. There are only a handful of studies in the literature
evaluating the role of IONM in three-stage oesophagectomy. As a result, there is limited evidence to
provide robust guidance. The evidence from the present review supports the use of IONM during high
mediastinal lymph node dissection in three-stage oesophagectomy for oesophageal cancer. IONM ap-
pears to have a protective role for the RLN and also reduce the risk of postoperative pneumonia without
adding to the operative time. In patients due to undergo three-stage oesophagectomy, the use of IONM of
the RLN should be considered during the high mediastinal lymph node dissection and cervical access
parts of the operation.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
A best evidence topic was constructed according to a structured
protocol. This is fully described in a previous publication in the
International Journal of Surgery.1
2. Clinical scenario
You are due to perform a three-stage oesophagectomywith high
mediastinal lymph node dissection on a 67-year-old patient with a
T3 N1 M0 squamous cell carcinoma of the upper thoracic oesoph-
agus. As part of the informed consent process, youmention the risk
of recurrent laryngeal nerve paresis. The patient appears to be veryry and Surgical Technology,
n W2 1NY, United Kingdom.
charakis).
ciates Ltd. Published by Elsevier Ltanxious about this potential complication and asks you if there is
anything you can do to minimise the risk. You resolve to assess the
literature yourself.
3. Three-part question
In patients with upper third oesophageal cancer due to undergo
three-stage oesophagectomy is there a role for intraoperative
recurrent laryngeal nerve monitoring during high mediastinal
lymph node dissection?
4. Search strategy
Medline search 1948e2013 using the PubMed interface
for the terms: (“recurrent laryngeal nerve”[MeSH Terms] OR
(“recurrent”[All Fields] AND “laryngeal”[All Fields] AND “nerve”[All
Fields]) OR “recurrent laryngeal nerve”[All Fields]) AND (“oeso-
phagectomy”[All Fields] OR “esophagectomy”[MeSH Terms] OR
“esophagectomy”[All Fields]).d. All rights reserved.
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REVIEWIn addition, the reference lists of the relevant papers were
searched. The search was current as of 20th March 2013.
5. Search outcome
125 papers were found using the reported search. Two authors
(G.G. and B.K.) independently assessed the titles and abstracts of
the identiﬁed articles to determine potential relevance. Any
disagreement was resolved by discussion or with the opinion of the
senior author (E.Z.). After reviewing the abstracts, 38 papers were
selected to be fully appraised in view of relevance and methods
used. From these, 24 were irrelevant, 5 were review articles, 3 were
not in English, 2 were response letters to one of the included
studies, one was a case report and one was a study involving pae-
diatric patients. Inclusion criteria included studies of any size,
prospective or retrospective in design that assessed the feasibility
and/or use of intraoperative recurrent laryngeal neural monitoring
(IONM) in all forms of oesophagectomy. All patients included had to
be adults and had to have oesophageal cancer. Exclusion criteria
included studies including paediatric patients or patients under-
going surgery on different organs (e.g. thyroid) with IONM. How-
ever, due to the paucity of studies limited to patients only
undergoing oesophageal surgery with IONM, if the cohort was
mixed with patients undergoing different types of surgery (along
with oesophageal) with IONM, such studies were included but
outcomes only referring to oesophagectomy patients used in the
data analysis and evidence synthesis. Review articles and articles
not published in the English language were also excluded. Based on
design, number of patients and origin (high volume/specialised
centres) 2 papers were chosen as representing the best evidence to
answer the clinical question.
6. Results
The results of the two papers (one individual cohort study and
one prospective observational study) are summarised in Table 1.
7. Discussion
Oesophageal surgery, similar to thyroid, parathyroid and
cardiothoracic surgery poses a risk to the recurrent laryngeal
nerves (RLN).2 Whilst the right RLN is more at risk in thyroid and
parathyroid surgery due to its more variable course and anatomical
variants such as non-recurrent nerves overall the left RLN ismore at
risk in all surgery due to its greater length and anatomical course.3
RLN damage can result in signiﬁcant morbidity increasing the risk
of aspiration pneumonia and signiﬁcantly affecting voice quality.2 If
bilateral, it may lead to acute airway obstruction and death unless
emergency endotracheal intubation or a surgical airway is estab-
lished. Despite most cases being transient, they still contribute to
higher morbidity and mortality as they affect patients in their im-
mediate postoperative period when they are most vulnerable.4 RLN
damage constitutes the number one cause of malpractice litigation
in thyroid surgery.5,6
Despite intraoperative neural monitoring (IONM) of the RLN
having gained widespread acceptance in thyroid and parathyroid
surgery as an adjunct to the gold standard of visual nerve identi-
ﬁcation, the same does not hold true for oesophageal surgery.7 This
is of particular interest, as the risk of permanent damage to the RLN
in oesophageal surgery is reported to be much higher than in
thyroid or parathyroid surgery (11e34% vs. 0e11%).8e10 There is
however a wide variation in the literature with regards to the fre-
quency of this complication following oesophagectomy with
mediastinal lymph node dissection. Its frequency has been shown
to depend on the size and locoregional spread of the primarytumour as well as the type of oesophagectomy performed and
experience of the operating surgeon.4 On a worldwide basis, where
squamous cell carcinoma is the commonest histological type, sur-
gical approaches to achieve optimal oncological clearance pose a
signiﬁcant risk to the RLN as often a three-stage oesophagectomy
needs to be performed since these tumours tend to arise in the
proximal oesophagus.11 This involves a cervical incision and high
mediastinal lymph node clearance along the left RLN, both of which
are associated with a higher risk of RLN injury.12,13 It is imperative
to emphasise that the most important inﬂuence on outcome in
oesophageal surgery relates to surgical experience and volume,
with RLN injury being uncommon in experienced hands.14 Even
when compared to other thoracic operations, oesophagectomy still
appears to be one of the riskiest for RLN injury.10 The type of
oesophagectomy with the highest incidence of RLN injury is tran-
shiatal oesophagectomy with cervical anastomosis for oesophageal
cancer.15
IONM in oesophageal surgery with single-lung ventilation was
ﬁrst described in 2001.16 Despite more than a decade having
passed, there are only a handful of studies in the literature evalu-
ating the feasibility of IONM during mediastinal lymph node
dissection in oesophagectomy for oesophageal cancer.4,16e19
Zhong et al.19 prospectively evaluated 115 patients that un-
derwent oesophagectomy and mediastinal lymph node dissection
for oesophageal cancer. In 54 of these patients, IONM was used to
identify and monitor the left RLN whilst in the remaining 61
(controls), no IONM was used. Patients were not randomised. The
authors reported that IONM during surgery for oesophageal car-
cinoma was safe and effective in identifying the RLN without
increasing operative time. Interestingly, operative time was
shown to be signiﬁcantly shorter in IONM patients as after the 5e
10 min taken to expose and protect the left RLN, the lymphade-
nectomy in this area could be performed in a faster and safer
manner. In all 54 patients in the IONM group, the left RLN was
detected and monitored (with the help of the monitor). This was
not the case for all patients in the control group. Consequently, the
complications of postoperative RLN paresis and pneumonia were
shown to be lower in the IONM group compared to the control
group (0/54 vs. 6/61). Both of these ﬁndings were shown to be
statistically signiﬁcant (p < 0.05). Study limitations include the
lack of randomisation and exclusion of patients requiring cervical
oesophagectomy. On the other hand, the study possesses several
strengths as it is the largest on the subject to date (n¼ 115) and the
only one to include a control group. Moreover, the patient popu-
lation investigated is homogeneous as they all received the same
intervention.
Gelpke et al.4 used IONM in 12 patients, 6 of which underwent
oesophagectomy and mediastinal lymph node dissection for
oesophageal cancer. They investigated the feasibility of IONM and
prospectively assessed their own rates of RLN injury (17% tempo-
rary, no permanent RLN paresis recorded in this series). The authors
reported that theywere able to identify the RLN andmonitor action
potentials in all cases concluding that IONM is technically feasible,
easy and reliable in single-lung ventilation surgery for oesophageal
carcinoma; only adding 5e7 min to the operative time. The
strengths of the study include its prospective design and the fact
that RLN function was objectively assessed with indirect laryn-
goscopy pre- and postoperatively. Limitations include the small
number of patients (n ¼ 12) and the fact that the cohort was het-
erogeneous consisting of a mixture of patients undergoing oeso-
phageal and pulmonary surgery.
Limitations of this studymainly stem from the fact that there are
essentially only 2 studies, both non-randomised, assessing the
feasibility and role of IONM of the RLN in oesophagectomy.4,19
This considerably limits the signiﬁcance of any conclusions
Table 1
Best evidence papers.
Author, date
and country
Patient group Study type and level
of evidence
Outcomes Key results Comments
Zhong et al.,
2012,19 China
Prospective study of 115 patients
with oesophageal cancer:
 54 patients underwent
oesophageal resection with
IONM (mean age: 59.94  8.966,
45 males and 9 females)
 61 patients underwent
oesophageal resection without
IONM (mean age: 58.93  9.593,
49 males and 12 females)
Patients in the 2 groups (with and
without IONM) were matched for
gender, age, pulmonary condition,
renal and hepatic function, smoking
history and the presence of other
synchronous malignancies
Inclusion criteria: preoperative diagnosis
of oesophageal cancer presenting
between April 2008 and April 2009, T
staging and/or N staging not deﬁned
Exclusion criteria: received
radiotherapy or chemotherapy before the
operation, preoperative RLN paresis,
patients requiring cervical oesophagec
tomy, presence of distant metastases,
pacemaker, severe cardiac, renal or
hepatic disease, lack of informed consent
Follow-up: mean 20.99 months with a
median of 19 months
Level IIb individual
cohort study
Comparison of
following outcomes
between the 2 groups
(with and without
IONM):
 Incidence of
postoperative
RLN paralysis
(using direct
laryngoscopy)
 Absolute
numbers
of lymph nodes
excised (total &
mediastinal)
 Positivity (for
cancer) of lymph
nodes excised
(total &
mediastinal)
IONM during oesophageal surgery
for oesophageal carcinoma is safe
and effective in identifying the RLN
RLN paralysis and postoperative
pneumonia were more frequently
diagnosed in the patients that did
not receive continuous RLN
monitoring (6/61 vs. 0/54)
Operative time for the IONM
group (237.78  29.487 min)
was shorter than for the control
group (257.70  21.786 min)
(p < 0.001)
Positive mediastinal lymph nodes
(p ¼ 0.015), total mediastinal
lymph nodes (p < 0.001), positive
total lymph nodes (p ¼ 0.027), and
total lymph nodes (p < 0.001)
were more often surgically removed
in the patients with continuous IONM
The 2-year survival was also higher
for those patients where IONM was
used compared to those that it was
not used (p ¼ 0.038)
Authors conclude that IONM during oesophageal
surgery is technically safe and effectively identiﬁes
and monitors the RLN
Based on the results, the authors suggest that IONM
may be useful not only in decreasing the incidence
of RLN paralysis and postoperative pneumonia, but
also in potentially improving the efﬁciency of
lymphadenectomy and survival
The use of IONM in transthoracic oesophagectomy
signiﬁcantly reduces operative time by making
lymphadenectomy across the left RLN faster and
safer following its exposure
Strengths: relatively large number of patients
(n ¼ 115), prospective design, objective
assessment of both pre- and postoperatively
RLN function with laryngoscopy
Limitations: lack of randomisation, all patients
received left transthoracic approach, exclusion
of patients undergoing cervical oesophagectomy
meaning that all anastomoses were intrathoracic
and thus unable to derive conclusions for the role
of IONM in surgery for upper oesophageal cancers
with cervical anastomosis as well as its role with
regards to the right RLN, study not powered to
identify survival differences and bias with regards
to survival outcomes as some patients failed to
receive the necessary postoperative treatments
(e.g. a complete chemotherapy or radiotherapy
regime) due to their medical costs or other reasons
Gelpke et al., 2010,4
Switzerland
Prospective study of 12 patients: 6
underwent transthoracic oesophagectomy
and advanced lymph node dissection for
carcinoma of the oesophagogastric
junction or lower oesophagus
5 had a lobectomy and one
underwent a pneumonectomy for lung
carcinoma
Median age: 67 years (range 57e81 years),
33% women
Inclusion criteria: all patients booked for
oesophagus or lung surgery with high risk
(e.g. bilateral dissection, neoadjuvant
treatment and left-sided surgery) of RLN
injury during surgery between October
2008 and January 2010, primary
diagnostics revealed that none of the
patients had an RLN paresis or paralysis
before surgery
Intraoperative, non-invasive RLN
identiﬁcation and monitoring was
performed unilaterally (n ¼ 8) or
bilaterally (n ¼ 4)
Level IIc prospective
observational study
Assessment of:
 Feasibility of
intraoperative
monitoring
of the RLN
for single-lung
ventilation
oesophagus and
lung surgery
 Incidence of
postoperative
RLN paralysis
(using indirect
laryngoscopy)
Intraoperative RLN monitoring during
single-lung ventilation surgery for
oesophageal carcinoma is technically
feasible, easy and reliable
The use of intraoperative RLN
monitoring added approximately
5e7 min to the operation time
The incidence of RLN paresis following
oesophageal surgery in this series was
17% (transient)
RLN injury is an avoidable
complication by accurate RLN
identiﬁcation and dissection
Thus, the use of a reliable
monitoring system, such as the one
described in this study, may help
identiﬁcation of the RLN, especially
during difﬁcult or blunt dissection
However, preoperative placement of
the electrode is crucial for successful
RLN monitoring
The introduction of standardised RLN monitoring
may reduce the incidence of permanent RLN paresis
During surgery, the RLN was identiﬁed and a nerve
signal monitored in all patients independently of the
pathology or type of surgery
The mechanism of damage to the RLN includes
partial or complete transaction, misplaced ligature,
contusion, stretching, thermal damage, or
compromised blood supply
RLN injury after oesophageal surgery varies greatly
depending on the degree of carcinoma, the extent of
resection of the primary tumour and
lymphadenectomy and the surgical technique
RLN injury reaches the highest incidence in the
transhiatal approach with a cervical anastomosis
Strengths: prospective design, objective assessment
of both pre- and postoperatively RLN function with
laryngoscopy
Limitations: small number of patients (n ¼ 12), mixed
cohort (oesophageal and lung surgery),
no randomisation
RLN, recurrent laryngeal nerve; IONM, intraoperative neural monitoring; RCT, randomised-controlled trial.
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REVIEWderived. Moreover, in one of them there is signiﬁcant intra-study
heterogeneity as the cohort is mixed containing patients under-
going oesophagectomy with mediastinal lymph node dissection for
oesophageal cancer as well as patients undergoing pulmonary
surgery for bronchial carcinoma.4 Statistical aggregation of the data
would have been impossible due to this heterogeneity and small
numbers.
Despite its limitations, this study possesses important strengths.
It is the ﬁrst study to aggregate all the existing evidence on the role
of IONM of the RLN in oesophagectomy integrating the data on a
cumulative number of 121 patients. The search strategy used was
highly sensitive and ensured retrieval of all relevant papers. As a
result, this study succeeded in providing a practical answer of
immediate use to surgeons in their daily practice.1 It shows that
IONM of the RLN during high mediastinal lymph node dissection in
three-stage oesophagectomy for oesophageal cancer is not only
feasible but potentially also protective for the postoperative
function of the RLN leading to a reduced rate of postoperative
pneumonia.
8. Clinical bottom line
The high incidence of RLN paresis in patients undergoing
three-stage oesophagectomy with high mediastinal lymph node
dissection for oesophageal cancer highlights the urgent need for
interventions to minimise this serious complication. Oesopha-
gectomy patients are signiﬁcantly compromised by the extent
of surgery and are already at high risk of pulmonary complica-
tions. A superadded RLN paresis, even if transient, can prove
detrimental.
IONM is commonly being used in many centres to facilitate
RLN identiﬁcation and preservation in thyroid and parathyroid
surgery. There is no reason why the same cannot be applied to
oesophageal surgery for oesophageal cancer especially as the
inherent risks to the RLN are much higher with this type of
surgery. Only a handful of studies exist on the subject. As a result,
there is limited evidence to provide robust guidance. However,
they all consistently show that IONM during high mediastinal
lymph node dissection in patients undergoing three-stage
oesophagectomy is feasible, easy and reliable. IONM appears to
have a protective role for the RLN and also reduce the risk of
postoperative pneumonia without adding to the operative time.
In patients due to undergo three-stage oesophagectomy, the use
of IONM of the RLN should be considered during the high
mediastinal lymph node dissection and cervical access parts
of the operation. Future RCTs are needed to investigate this
further.
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